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PROBLEM TO BE SOLVED: To avoid knocking and combustion 
instability, and expand an operation range by compression self-ignition 
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combustion method of compression self-ignition combustion and spark 
ignition combustion operation is performed according to an operation 
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parameter at compression self-ignition combustion operation time. A 
prereaction detecting part 5 detects prereaction of combustion at 
compression self-ignition combustion operation time on the basis of a 
detecting signal of a cylinder internal pressure sensor 18, and a fuel 
injection control part 6 controls a fuel injection quantity or the fuel 
injection timing according to prereaction time detected by the 
prereaction detecting part 5 to set the combustion timing as the target 
timing. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Have in a cylinder fuel direct injection equipment which injects a direct fuel, and compressed self-ignition combustion and 
jump-spark-ignition combustion are set to a switchable internal combustion engine according to a service condition. A pressure 
detection means to detect cylinder internal pressure, and an ignition stage prediction means to predict an ignition stage based on the 
cylinder internal pressure which this pressure detection means detected, The combustion control system of the internal combustion 
engine characterized by having the fuel-injection control means which changes fuel oil consumption or fuel injection timing according 
to the ignition stage which this ignition stage prediction means predicted. [ / near the compression top dead center ] 
[Claim 2] Have in a cylinder fuel direct injection equipment which injects a direct fuel, and compressed self-ignition combustion and 
jump-spark-ignition combustion are set to a switchable internal combustion engine according to a service condition. While performing 
at least one fuel injection near the compression top dead center at the time of a pressure detection means to detect cylinder internal 
pressure, and compressed self-ignition combustion operation The combustion control system of the internal combustion engine 
characterized by having the fuel-injection control means which changes the fuel oil consumption or fuel injection timing near the 
compression top dead center of this cycle according to the cylinder internal pressure which said pressure detection means detected 
before the fuel injection timing near [ said ] the compression top dead center. 

[Claim 3] It has a reaction detection means beforehand, the cylinder internal pressure which said pressure detection means detected — 
being based — a fuel — a reaction stage is detected beforehand -- said fuel-injection-timing control means Perform fuel injection in 2 
steps into 1 cycle, and it carries out at the stage which carried out the tooth lead angle of the 1st fuel injection from the compression 
top dead center. The combustion control system of the internal combustion engine according to claim 2 which performs 2nd fuel 
injection near the compression top dead center, and is characterized by said thing [ changing the 2nd fuel oil consumption or fuel 
injection timing according to a reaction stage beforehand ] to which the reaction detection means detected beforehand. 
[Claim 4] The combustion control system of the internal combustion engine according to claim 2 or 3 characterized by having the 
good fluctuation valve gear which can change the closing motion stage of an induction-exhaust valve so that it may have the sealing 
period which both the inlet valve and the exhaust valve have closed near the exhaust air top dead center, performing fuel injection in 2 
steps into 1 cycle, and performing 1st fuel injection during said sealing period. 

[Claim 5] The combustion control system of the internal combustion engine according to claim 3 or 4 characterized by carrying out the 
amount part lag of amendments of the 2nd fuel injection timing, or decreasing the quantity of fuel oil consumption by the amount of 
amendments when the amount part tooth lead angle of amendments of the 2nd fuel injection timing is carried out, or the quantity of 
fuel oil consumption is increased by the amount of amendments when [ said / which the reaction detection means detected 
beforehand ] the reaction stage has carried out the lag more nearly beforehand than the set point, and the reaction stage has carried out 
the tooth lead angle more nearly beforehand than the set point. 

[Claim 6] The combustion control system of the internal combustion engine according to claim 5 characterized by enlarging the 
amount of amendments which amends the fuel injection timing or fuel oil consumption near [ said ] a compression top dead center, so 
that it has a combustion stage calculation means to compute a target combustion stage according to a service condition and the 
computed target combustion stage is carrying out the lag from the compression top dead center. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] By starting the internal combustion engine which can switch jump-spark-ignition combustion and compressed 
self-ignition combustion according to a service condition, especially optimizing 1 time or 2 times of fuel injection timing at the time of 
compressed self-ignition combustion, this invention stabilizes a combustion stage and relates to the combustion control system of the 
internal combustion engine which performs compressed self-ignition combustion by the large operating range. 
[0002] 

[Description of the Prior Art] In order to improve the thermal efficiency of a gasoline engine, while reducing a pumping loss by Lean- 
izing gaseous mixture, the technique of enlarging the ratio of specific beat of working medium, and improving a theoretical thermal 
efficiency is known. However, with the conventional jump-spark-ignition engine, if an air-fuel ratio is Lean-ized, a combustion period 
will delay and combustion stability will get worse. For this reason, there is a limitation in Lean-ization of an air-fuel ratio. 
[0003] The cycle engine which premixing compressed self-ignition combustion is made to cause as it considers as the technique which 
Lean-izes an air-fuel ratio and is in JP,7-71279,A is indicated like 2 line, avoiding aggravation of such combustion stability. In 
premixing compressed self-ignition combustion, since a combustion reaction occurs from two or more locations of a combustion 
chamber, when an air-fuel ratio Lean-izes, the combustion stabilized also in the Lean air-fuel ratio is attained, without a combustion 
period delaying compared with jump spark ignition. Moreover, combustion temperature falls for Lean and an air-fuel ratio can also 
reduce NOx sharply. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the 1st conventional example, since [ usual ] about two lines was considered 
as the cycle engine configuration, there are no intake valve and exhaust air bulb which control a gas exchange, the blow by of a 
unburnt gas occurred, and fuel consumption was getting worse. Moreover, since it consisted of the need of performing a gas exchange 
like the expansion exhaust air line which exhausts in the second half like an expansion line and work by expansion of combustion gas 
was not fully able to be taken out, there was a trouble that heavy load operation was difficult. 

[0005] On the other hand, self-ignition combustion is strongly influenced of an air-fuel ratio. For example, when heavy load operation 
is considered and an air-fuel ratio is made deep, the fuel quantity which causes a combustion reaction increases, combustion becomes 
intense, and knocking is caused. For this reason, the trouble [ count / of combustion ] that one usual operation according to self- 
ignition combustion with a heavy load with a cycle engine about four lines was difficult was in two rotations. 
[0006] In order to expand the load range where knocking is avoided and compressed self-ignition combustion is materialized, it is 
effective to carry out the lag of the combustion stage from a compression top dead center. If the lag of the combustion stage is carried 
out, since combustion will be performed at the time of piston descent, cylinder internal pressure [dP/dR/C theta] max leading to 
knocking can be reduced. 

[0007] However, since the time amount to which the pressure in a cylinder and temperature are kept high decreases when the lag of 
the combustion stage is carried out, the robustness over the cycle variation of the excess air factor lambda in a cylinder and 
temperature falls, and there is a trouble that combustion becomes unstable. 

[0008] For example, although residual EGR gas is influenced of the combustion condition of a front cycle, when the temperature of 
residual EGR gas changes, the temperature in the cylinder of degree cycle will also change. Therefore, when the stability of 
combustion was considered, it was difficult to fully carry out the lag of the combustion stage from a compression top dead center. 
[0009] As 2nd conventional technique, as it is in JP,7-21 7478,A, the fuel injection equipment of the injection type spark-ignition 
engine in a cylinder which supplies a fuel in a cylinder in 2 steps into 1 cycle is indicated. This conventional example supplies the fuel 
in 2 steps, in order to avoid a spark-ignition engine's knocking. However, in the 2nd conventional example, control of fuel injection 
timing is omitted in consideration of lambda in a cylinder, and the cycle variation of a temperature condition. Therefore, since the 
stability of combustion got worse as mentioned above when this is applied to compressed self-ignition combustion, heavy load 
operation was difficult. 

[0010] This invention is what took the example by this trouble, and the purpose is offering the combustion control system of the 
internal combustion engine which can expand the operating range by compressed self-ignition combustion to a heavy load side, 
avoiding knocking and combustion instability. 

[001 1] Moreover, the purpose of this invention expands the operating range by compressed self-ignition combustion, and improves 

fuel consumption and emission, and thermal efficiency is to offer a clean high internal combustion engine. 

[0012] 

[Means for Solving the Problem] In order that invention according to claim 1 may solve said technical problem, it is equipped with the 
fuel direct injection equipment which injects a direct fuel in a cylinder, and sets compressed self-ignition combustion and jump-spark- 
ignition combustion to a switchable internal combustion engine according to a service condition. A pressure detection means to detect 
cylinder internal pressure, and an ignition stage prediction means to predict an ignition stage based on the cylinder internal pressure 
which this pressure detection means detected, Let it be a summary to have had the fuel-injection control means which changes fuel oil 
consumption or fuel injection timing according to the ignition stage which this ignition stage prediction means predicted. [ / near the 
compression top dead center ] 

[0013] In order that invention according to claim 2 may solve said technical problem, it is equipped with the fuel direct injection 
equipment which injects a direct fuel in a cylinder, and sets compressed self-ignition combustion and jump-spark-ignition combustion 
to a switchable internal combustion engine according to a service condition. While performing at least one fuel injection near the 
compression top dead center at the time of a pressure detection means to detect cylinder internal pressure, and compressed self- 
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ignition combustion operation Let it be a summary to have had the fuel-injection control means which changes the fuel oil 
consumption or fuel injection timing near the compression top dead center of this cycle according to the cylinder internal pressure 
which said pressure detection means detected before the fuel injection timing near [ said ] the compression top dead center. 
[0014] Invention according to claim 3 is set to the combustion control system of an internal combustion engine according to claim 2 in 
order to solve said technical problem. It has a reaction detection means beforehand, the cylinder internal pressure which said pressure 
detection means detected ~ being based -- a fuel — a reaction stage is detected beforehand — said fuel-injection control means Perform 
fuel injection in 2 steps into 1 cycle, and it carries out at the stage which carried out the tooth lead angle of the 1st fuel injection from 
the compression top dead center. 2nd fuel injection is performed near the compression top dead center, and let beforehand said thing 
[ changing the 2nd fuel oil consumption or fuel injection timing ] to which the reaction detection means detected beforehand be a 
summary according to a reaction stage. 

[001 5] Invention according to claim 4 makes it a summary to have the good fluctuation valve gear which can change the closing 
motion stage of an induction-exhaust valve so that it may have the sealing period which both the inlet valve and the exhaust valve have 
closed near the exhaust air top dead center, to perform fuel injection in 2 steps into 1 cycle, and to perform 1st fuel injection during 
said sealing period in the combustion control system of an internal combustion engine according to claim 2 or 3 in order to solve said 
technical problem. 

[0016] Invention according to claim 5 is set to the combustion control system of an internal combustion engine according to claim 3 or 
4 in order to solve said technical problem. When [ said / which the reaction detection means detected beforehand ] the reaction stage 
has carried out the lag more nearly beforehand than the set point, carry out the amount part tooth lead angle of amendments of the 2nd 
fuel injection timing, or the quantity of fuel oil consumption is increased by the amount of amendments. When the reaction stage has 
carried out the tooth lead angle more nearly beforehand than the set point, let it be a summary to carry out the amount part lag of 
amendments of the 2nd fuel injection timing, or to decrease the quantity of fuel oil consumption by the amount of amendments. 
[001 7] Invention according to claim 6 makes it a summary to enlarge the amount of amendments which amends the fuel injection 
timing or fuel oil consumption near [ said ] a compression top dead center, so that it has a target combustion stage calculation means to 
compute a target combustion stage according to a service condition and the computed target combustion stage is carrying out the lag 
from the compression top dead center in the combustion control system of an internal combustion engine according to claim 5, in 
order to solve said technical problem. 
[0018] 

[Effect of the Invention] According to this invention according to claim 1, have in a cylinder fuel direct injection equipment which 
injects a direct fuel, and compressed self-ignition combustion and jump-spark-ignition combustion are set to a switchable internal 
combustion engine according to a service condition. A pressure detection means to detect cylinder internal pressure, and an ignition 
stage prediction means to predict an ignition stage based on the cylinder internal pressure which this pressure detection means 
detected, By having had the fuel-injection control means which changes fuel oil consumption or fuel injection timing according to the 
ignition stage which this ignition stage prediction means predicted [ / near the compression top dead center ] Even if there is cycle 
variation by the external environment or the engine change of state irrespective of the count of fuel injection, a combustion stage can 
be stabilized, in a heavy load operating range, compressed self-ignition operation, i.e., efficient and clean operation, is attained, and 
fuel consumption and emission can be improved. 

[0019] According to this invention according to claim 2, have in a cylinder fuel direct injection equipment which injects a direct fuel, 
and compressed self-ignition combustion and jump-spark-ignition combustion are set to a switchable internal combustion engine 
according to a service condition. While performing at least one fuel injection near the compression top dead center at the time of a 
pressure detection means to detect cylinder internal pressure, and compressed self-ignition combustion operation Since the fuel oil 
consumption or fuel injection timing near the compression top dead center whose fuel-injection control means is this cycle was 
changed according to the cylinder internal pressure which said pressure detection means detected before the fuel injection timing near 
[ said ] the compression top dead center It becomes possible to control the combustion stage of each cycle the optimal so that a target 
stage always comes. Knocking and combustion stability aggravation are prevented, compressed self-ignition operation, i.e., efficient 
and clean operation, is attained more in a heavy load operating range, and it is effective in fuel consumption and emission being 
improvable. 

[0020] According to this invention according to claim 3, it adds to an effect of the invention according to claim 2. It has a reaction 
detection means beforehand, the cylinder internal pressure which said pressure detection means detected -- being based -- a fuel — a 
reaction stage is detected beforehand — said fuel-injection control means Perform fuel injection in 2 steps into 1 cycle, and it carries 
out at the stage which carried out the tooth lead angle of the 1st fuel injection from the compression top dead center, the 2nd fuel 
injection — a near compression top dead center — carrying out — said — the reaction detection means detected beforehand, since the 
2nd fuel oil consumption or fuel injection timing was beforehand changed according to the reaction stage It becomes possible to 
predict change of the combustion stage to cycle variation with a sufficient precision. The further lag of a combustion stage can be 
realized, compressed self-ignition operation, i.e., efficient and clean operation, is attained more in a heavy load operating range, and it 
is effective in fuel consumption and emission being further improvable. 

[0021] According to this invention according to claim 4, it adds to an effect of the invention according to claim 2 or 3. It has the good 
fluctuation valve gear which can change the closing motion stage of an induction-exhaust valve so that it may have the sealing period 
which both the inlet valve and the exhaust valve have closed near the exhaust air top dead center. Since fuel injection is performed in 2 
steps into 1 cycle and it was made to perform 1st fuel injection during said sealing period, reforming of the fuel injected to the 1st time 
for the elevated-temperature high pressure by the compression during a sealing period progresses, and an unburnt fuel can be reduced 
further. Moreover, in order that [ of the fuel injected to the 1st time ] a reaction stage may carry out a tooth lead angle beforehand, 
control of a combustion stage becomes easier. 

[0022] According to this invention according to claim 5, it adds to an effect of the invention according to claim 3 or 4. When [ said / 
which the reaction detection means detected beforehand ] the reaction stage has carried out the lag more nearly beforehand than the set 
point, carry out the amount part tooth lead angle of amendments of the 2nd fuel injection timing, or the quantity of fuel oil 
consumption is increased by the amount of amendments. Since the amount part lag of amendments of the 2nd fuel injection timing is 
carried out or the quantity of fuel oil consumption was decreased by the amount of amendments when the reaction stage had carried 
out the tooth lead angle more nearly beforehand than the set point It writes enlarging the specified quantity which carries out 
combustion stage amendment by controlling the fuel injection timing near a compression top dead center when variation occurs in 
progress of a reaction beforehand by the cycle variation of the condition in a cylinder. Heavy load operation is aimed at, it becomes 
possible to fully carry out the lag of the combustion stage from a compression top dead center, compressed self-ignition operation, i.e., 
efficient and clean operation, is attained in a heavy load operating range, and fuel consumption and emission can be improved. 
[0023] According to this invention according to claim 6, it adds to an effect of the invention according to claim 5. It has a target 
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combustion stage calculation means to compute a target combustion stage according to a service condition. Since it was made to 
enlarge the amount of amendments which amends the fuel injection timing or fuel oil consumption near [ said ] a compression top 
dead center so that the computed target combustion stage was carrying out the lag from the compression top dead center The amount 
of amendments can be changed now according to a target combustion stage, and it is effective in the ability to perform more exact 
combustion stage control. 
[0024] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on a drawing. Drawing 1 is the 
system configuration Fig. showing the configuration of the 1st operation gestalt which applied the combustion control system of the 
internal combustion engine concerning this invention to the gasoline engine. 

[0025] In this operation gestalt, it is switchable in compressed self-ignition combustion and jump-spark-ignition combustion according 
to a service condition. A reaction stage is detected beforehand and it is the description to stabilize combustion at the time of heavy 
load operation of the fuel which furthermore injected the fuel in 2 steps at the time of compressed self-ignition combustion, and was 
injected to the 1st time by detecting cylinder internal pressure which carried out the lag of the combustion stage by [ this / that amends 
the 2nd fuel injection timing according to a reaction stage beforehand ] having been detected. 

[0026] The engine 10 in drawing is equipped with a suction port 1 1, the exhaust air port 12, a piston 13, an intake valve 14, the 
exhaust air bulb 15, the fuel injection equipment 16, the ignition plug 17, the cylinder internal pressure sensor 18, and the crank angle 
sensor 19. 

[0027] The electronic control (it abbreviates to ECU hereafter) 1 which controls this engine 10 The combustion pattern judging section 
2 which judges whether it operates according to a service condition by either combustion system of compressed self-ignition 
combustion and jump-spark-ignition combustion, The jump-spark-ignition combustion control section 3 which controls the 
combustion parameter at the time of jump-spark-ignition combustion operation, The self-ignition combustion control section 4 which 
controls the combustion control parameter at the time of compressed self-ignition combustion operation, It has the fuel-injection 
control section 6 of combustion which detects a reaction beforehand, which the reaction detecting element 5 detected beforehand with 
the reaction detecting element 5 and which controls fuel oil consumption or fuel injection timing according to a reaction stage 
beforehand at the time of compressed self-ignition combustion operation. 

[0028] In addition, although the component of ECU 1 can also constitute the reaction detecting element 5 and the fuel-injection control 
section 6 from the combustion pattern judging section 2, a jump-spark-ignition combustion control section 3, a self-ignition 
combustion control section 4, and a hard-wired logical circuit beforehand, it is realized as a program of a microcomputer with this 
operation gestalt. 

[0029] Moreover, based on the engine rotation signal which the crank angle sensor 19 detected, and the accelerator opening signal 
(load) which the accelerator opening sensor (not shown) detected, ECU1 judges a service condition and computes fuel oil consumption 
and ignition timing. And based on this calculation result, a signal is sent to a fuel injection equipment 16 and an ignition plug 17. 
[0030] In the basis of such a configuration, and this invention, while being shown in drawing 2 , compressed self-ignition combustion 
is performed in the specific service condition below the number of low loading and middle turns, and jump-spark-ignition combustion 
is performed in a heavy load or a high rotational frequency region. 

[003 1] Next, actuation of this operation gestalt is explained. Drawing 3 shows the range where the self-ignition combustion to an air- 
fuel ratio is materialized. If the air-fuel ratio is made into Lean, combustion stability will get worse and an engine's torque fluctuation 
will become large. For this reason, a design value or the air-fuel ratio AFL from which the stability limitation which carries this 
internal combustion engine and can be permitted as character of a car etc. serves as the stability threshold value Sth serves as the Lean 
limitation as an internal combustion engine. 

[0032] On the other hand, if the air-fuel ratio is made rich, knocking reinforcement will increase. Thereby, the air-fuel ratio AFR in the 
knocking limitation Nth serves as a rich limitation. Therefore, the stability limitation AFL and the air-fuel ratio field surrounded with 
the knocking marginal air-fuel ratio AFR serve as self-ignition combustion formation range. Thus, self-ignition is materialized only in 
the limited air-fuel ratio range. In addition, air-fuel ratio A/F was explained to the example as an index which shows the rate of gas 
and a fuel here. The same inclination is shown also about the case where residual gas or EGR gas is contained, and an axis of abscissa 
serves as the total capacity and fuel quantity rate G/F which doubled the burnt gas with new mind in this case. 
[0033] Therefore, the compressed self-ignition combustion operating range in the conventional technique is shown in drawing 4 . As 
shown in drawing, in the conventional technique, the compressed self-ignition combustion operating range has stopped at the very 
narrow range. 

[0034] The cylinder internal pressure at the time of changing a combustion stage to drawing 5 and the combustion wave form of heat 
release are shown. The wave of a continuous line is a wave by the combustion stage just behind a compression top dead center, and the 
wave of a broken line is a wave which carried out the lag of the combustion stage from the compression top dead center. If the lag of 
the combustion stage is carried out, change of cylinder internal pressure will become loose. Since combustion is performed at the time 
of piston descent, this is because increase of volume of combustion chamber negates a part of pressure buildup by combustion 
temperature and pressure variation is controlled. 

[0035] [dP/dmaximum theta] max and thermal efficiency of cylinder internal pressure rate of change per crank angle at the time of 
changing a combustion stage to drawing 6 are shown. A combustion stage serves as max just before a compression top dead center, 
and said [dP/dmaximum theta] max reduces the maximum of the cylinder internal pressure rate of change used as the scale of the ease 
of generating of knocking as it carries out the lag of the combustion stage from a compression top dead center, moreover — if thermal 
efficiency carries out the lag of the combustion stage from a compression top dead center, although it gets worse — extent of 
aggravation when there is little retardation quantity -- it is very loose. 

[0036] This is for a firing pressure and temperature to fall and for a cooling loss to fall, although time amount loss increases by the fall 
of whenever [ isochore ]. That is, since time amount loss and a cooling loss offset each other, even if it carries out the lag of the 
combustion stage, thermal efficiency does not get worse. Therefore, in order to fall [dP/dmaximum theta] max of said cylinder internal 
pressure rate of change leading to knocking and to expand the operating range of compressed self-ignition combustion to a heavy load 
side, it is advantageous to carry out the lag of the combustion stage to extent to which thermal efficiency does not fall. 
[0037] As mentioned above, since it is influenced of residual EGR gas, the temperature in a cylinder differs slightly for every 
combustion cycle. The combustion wave form when whenever [ cylinder internal temperature ] changes to drawing 7 is shown. As 
shown in drawing 7 (a), when a combustion stage is near a compression top dead center and cycle variation occurs in whenever 
[ cylinder internal temperature ], the combustion wave form is stable. 

[0038] On the other hand, when the lag of the combustion stage is carried out, and cycle variation occurs in whenever [ cylinder 
internal temperature ], a combustion wave form will change [ as shown in drawing 7 (b), ] a lot. If this carries out the lag of the 
combustion stage, it shows that stability gets worse. That is, in order to carry out the lag of the combustion stage, it is necessary to 
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improve the robustness (robustness) over cycle variations, such as whenever [ cylinder internal temperature ]. 

[0039] With the 1st operation gestalt, the fuel is injected in 2 steps. By injecting a fuel in 2 steps, the fuel started combustion at once, 
and became rapid combustion, and it has prevented that knocking occurs. The tooth lead angle of the 1 st fuel injection timing is 
carried out more nearly enough [ than a compression top dead center ]. 2nd fuel injection timing is made into near a compression top 
dead center, and is controlling the ignition stage by controlling this 2nd fuel oil consumption or fuel injection timing. 
[0040] Since combustion of a gasoline is a low-temperature-oxidation reaction, after [ which can do an intermediate product ] going 
through a reaction beforehand, it results in the thermal flame which is final oxidation reaction. It mixes with oxygen and the fuel 
injected in the cylinder runs said reaction. If whenever [ progress / of a reaction ] is beforehand seen at this time, the initiation stage of 
self-ignition combustion can be predicted. That is, the robustness over variations, such as whenever [ cylinder internal temperature ], 
can be improved by [ of the fuel injected by the 1st time ] detecting the stage of a reaction beforehand and amending the 2nd fuel 
injection timing according to the result. 

[0041] Drawing 8 shows the control approach of the fuel injection timing in this operation gestalt, and shows a fuel-injection pulse 
signal and heat release on the same time-axis. The drawing solid line A shows a usual fuel-injection pulse signal and the usual usual 
heat release. A broken line B shows a fuel-injection pulse and heat release when whenever [ cylinder internal temperature ] falls by a 
certain reason, when not performing control by this invention. An alternate long and short dash line C shows the fuel-injection pulse 
and heat release at the time of a fall whenever [ under control of ECU of this operation gestalt / cylinder internal temperature ]. 
[0042] If a reaction begins [ the fuel which was injected by the 1st time in any case ] beforehand, cylinder internal pressure will rise 
beforehand for generation of heat by the reaction. The cylinder internal pressure sensor 18 detects this cylinder internal pressure 
change, the reaction detecting element 5 detected and detected the reaction stage beforehand from change of this cylinder internal 
pressure sensor signal — beforehand — a reaction stage --****** — it can judge [ in which the anticipation combustion stage is 
carrying out the tooth lead angle how much than a target combustion stage / or or ] whether the lag is carried out by comparing a 
reaction stage. If the lag of the fuel injection timing of the 2nd time will be carried out if the anticipation combustion stage is carrying 
out the tooth lead angle, and the anticipation combustion stage is carrying out the lag by this judgment, the fuel-injection control 
section 6 will control to carry out the tooth lead angle of the 2nd fuel injection timing. Thereby, a combustion stage is controllable as a 
target to be shown in the alternate long and short dash line C of drawing 8 . 

[0043] In addition, although it is controllable at the combustion stage as a target even if it replaces with the tooth lead angle of the 2nd 
fuel injection timing, it replaces with with a fuel oil consumption [ 2nd ] increase in quantity or the lag of the 2nd fuel injection timing 
as control of the fuel-injection control section 6 and it decreases the quantity of the 2nd fuel oil consumption, there is a fault 
accompanied by some fuel consumption aggravation and torque fluctuation. 

[0044] Next, the control flow of this operation gestalt is explained to a detail with reference to the flow chart of drawing 9 . Rough 
actuation of drawing 9 is explained first. A service condition is judged and it branches to jump-spark-ignition combustion and 
compressed self-ignition combustion, the fuel which detected cylinder internal pressure after the 1st fuel injection, and was injected by 
the 1st time in the operating range of compressed self-ignition combustion based on change of this cylinder internal pressure — a 
reaction stage is judged beforehand. And if the lag of the 2nd fuel injection timing will be carried out if the reaction stage has carried 
out the tooth lead angle beforehand compared with the predetermined stage, and the reaction stage has carried out the lag beforehand, 
the tooth lead angle of the 2nd fuel injection timing will be carried out. Thereby, the optimal compressed self-ignition stage is 
obtained. 

[0045] In drawin g 9 , first, an accelerator opening signal and a crank angle signal are detected at step 10 (a step is hereafter 
abbreviated to S), and an engine speed and a load are computed by SI 1 . Subsequently, with reference to a map like drawing 2 
memorized beforehand, a combustion condition is judged from an engine speed and a load by SI 2. 

[0046] When a combustion condition judges it as jump-spark-ignition combustion, it progresses to SI 3, and control of jump-spark- 
ignition combustion is started. When it is judged as self-ignition combustion, it progresses to S14 and control of compressed self- 
ignition combustion is started. Subsequently, first fuel injection is performed at the stage which carried out the tooth lead angle from 
the compression top dead center by SI 5. Subsequently, a cylinder internal pressure sensor (sign 18 of drawing 1 ) detects cylinder 
internal pressure by SI 6. The reaction detecting element 5 computes the amount of heat release based on cylinder internal pressure 
beforehand by SI 7, and the reaction stage CT is computed beforehand. Subsequently, the 2nd fuel injection timing IT 2 is called in 
from the map of drawing 10 by S 1 8. 

[0047] Subsequently, the validity of a reaction stage is beforehand judged by SI 9. that is, a map as shown in drawing 1 1 is searched, 
and it is obtained — ****** — the reaction stage CT is compared beforehand, CT is carrying out the tooth lead angle to CTA, or having 
been computed judges whether it is almost equal or the lag is carried out to be the reaction stage CTA, and this judgment result 
amends the 2nd fuel injection timing. 

[0048] for example, — beforehand -- the reaction stage CT -.******„ since the reaction stage has carried out the tooth lead angle 
beforehand in being smaller than reaction stage CTA -alpha (for example, alpha= 1), it branches to S20 and the lag of the 2nd fuel 
injection timing IT 2 is carried out to IT2+beta. 

[0049] beforehand — the reaction stage CT — ****** — since the reaction stage has carried out the lag beforehand in being larger than 
reaction stage CTA+alpha (for example, alpha= 1), it branches to S21 and the tooth lead angle of the 2nd fuel injection timing IT 2 is 
carried out to IT2-beta. In CTA-a!pha<=CT<=CTA+alpha, adjustment of the 2nd fuel injection timing is not performed, but it moves 
to it S22. And it carries out at the stage which amended the 2nd fuel injection by S22. 

[0050] Drawing 10 is the map of the 2nd fuel injection timing IT 2 of the criterion by the engine speed and the load. Since the relative 
time amount for evaporation of the fuel injected by the 2nd time or reforming becomes short, the tooth lead angle of the fuel injection 
timing is carried out as an engine speed becomes high. Since fuel oil consumption decreases and lighting becomes difficult as a load 
becomes small, the tooth lead angle of the fuel injection timing is carried out. 

[005 1] drawing 1 1 _.******._ it is the map of the reaction stage CTA. an engine speed becomes high — since it is alike, and it follows 
and the relative time amount for the chemical reaction of combustion becomes short — ****** — the tooth lead angle of the reaction 
stage is carried out. a load becomes small — since it is alike, and it follows, fuel oil consumption decreases and lighting becomes 
difficult — ****** — the tooth lead angle of the reaction stage is carried out 

[0052] Drawing 12 shows the compressed self-ignition range of inflammability of this operation gestalt by the service condition, and 
the conventional compressed self-ignition range of inflammability. As shown in drawing, compared with the conventional example, 
the range of compressed self-ignition combustion is sharply expandable to a heavy load side with this operation gestalt. 
[0053] Next, the 2nd operation gestalt of this invention is explained. Drawing 13 is the system configuration Fig. showing the 
configuration of the 2nd operation gestalt of the combustion control system of the internal combustion engine concerning this 
invention. Although the configuration of the 2nd operation gestalt is the same as the configuration of the 1st operation gestalt shown in 
drawing 1 almost, having added the adjustable valve timing device 20 in which the valve timing of an inlet valve 14 and an exhaust 
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valve 15 is changed, to the 1st operation gestalt differ. 

[0054] The 2nd operation gestalt is characterized by being able to switch, while operating the valve timing for jump-spark-ignition 
combustion, and the valve timing for compressed self-ignition combustion, and the sealing stage when both pumping bulbs have 
closed the exhaust air line to inside performing 1st fuel injection under compressed self-ignition combustion according to the 
adjustable valve timing device 20. 

[0055] In drawing 14 (a), the valve timing at the time of jump-spark-ignition combustion and a valve lift, and drawing 14 (b) show the 
fuel-injection pulse signal at the time of compressed self-ignition combustion, and drawing 14 (c) shows the valve timing and the 
valve lift at the time of compressed self-ignition combustion, respectively. 

[0056] At the time of compressed self-ignition combustion, the exhaust air line has closed the exhaust valve on the way as earlier 
[ than a top dead center ] as an exhaust air line. Moreover, since the lag of the stage which an inlet valve opens is fully carried out 
from the top dead center, before an inlet valve opens, the sealing stage which both pumping bulbs have closed exists. Both 1st fuel 
injection is performed at the sealing stage which said pumping bulb has closed, and 2nd fuel injection is performed near a compression 
top dead center. 

[0057] In order to close earlier [ an exhaust valve ] than a top dead center, the gas after the combustion which was not exhausted is 
sealed and compressed into a cylinder. The gas after the combustion which was an elevated temperature from the first becomes an 
elevated temperature further by this compression. If a fuel is injected in the cylinder of such an ambient atmosphere of elevated- 
temperature high pressure, reforming of a fuel will progress. Consequently, the ignitionability of a fuel improves and a reaction stage 
carries out a tooth lead angle beforehand. 

[0058] The heat release stage A of the 1st operation gestalt (continuous-line display) and the heat release stage B of the 2nd operation 
gestalt (broken-line display) are shown in drawing 15 . With this operation gestalt, since reforming of the fuel injected by the 1st time 
is progressing from the 1st operation gestalt, the generating stage of a reaction has carried out the tooth lead angle beforehand. 
Moreover, since the fuel injected by the 1st time is reforming and ignitionability is improving, the lag also of the fuel injection timing 
which is the 2nd time is carried out. 

[0059] Therefore, there is time amount from the detection stage of a reaction to the 2nd fuel injection timing beforehand, and the long 
operation time in ECU1 can be taken compared with the 1st operation gestalt. Consequently, decision of a reaction stage and control of 
the 2nd fuel injection timing can carry out with a sufficient precision beforehand. 

[0060] Moreover, since the fuel injected by the 1st time is reforming, it can reduce unburnt [ HC ]. The control flow of a **** 2 
operation gestalt is the same as flows-of-control drawing 9 of the 1st operation gestalt. 

[0061] Next, the 3rd operation gestalt is explained. The configuration of the 3rd operation gestalt is the same as the configuration of 
the 1 st operation gestalt shown in drawing 1 . The 3rd operation gestalt makes fuel injection in 1 cycle 1 time, and performs it near a 
compression top dead center. Moreover, it is characterized by performing amendment of fuel injection timing based on the cylinder 
internal pressure and temperature hysteresis to near a compression top dead center. 

[0062] With the 3rd operation gestalt, in order to inject a fuel at once, the inclination for combustion to tend to become rapid is shown. 
Therefore, it is necessary to carry out the lag of the combustion stage further, and to control a combustion stage with a sufficient 
precision. On the other hand, since fuel injection per 1 cycle is made into 1 time, calculation of the fuel injected is easy and control of 
an air-fuel ratio can keep precision high. 

[0063] The comparison with the heat release stage A of the 1st operation gestalt (continuous-line display) and the heat release stage B 
of the 3rd operation gestalt (broken-line display) is shown in drawing 16 . With the 3rd operation gestalt, since there is no fuel into a 
cylinder until fuel injection is performed near a compression top dead center, a reaction does not occur beforehand. Therefore, fuel 
injection timing near a compression top dead center cannot be beforehand amended from a reaction stage like the 1st operation gestalt. 
For this reason, with the 3rd operation gestalt, it asks for whenever [ cylinder internal temperature ] based on the cylinder internal 
pressure which the cylinder internal pressure sensor 1 8 detected with a certain sampling period, an ignition stage is predicted based on 
whenever [ cylinder internal pressure and cylinder internal temperature ], and the description is to amend the fuel injection timing near 
a compression top dead center according to this predicted ignition stage. 

[0064] Drawing 17 shows inverse number 1 / tau of the ignition-delay time amount tau of the gasoline mixture to the temperature in a 
constant- volume machine, and a pressure. It is shown that a fuel tends to be lit, so that 1/of inverse numbers tau of ignition-delay time 
amount is large. 

[0065] Moreover, in drawing 17 , the example of the temperature in a compression stroke and the hysteresis of a pressure is shown. 
The ignition stage of compressed self-ignition when a pressure and temperature change continuously can be predicted using inverse 
number 1 / tau of the ignition-delay time amount in a constant-volume machine. This is attained by integrating 1/tau and calculating 
integral l-/taudt (= it being called BP and a following ignition characteristic) according to the temperature in the cylinder of each cycle, 
and the hysteresis of a pressure. 

[0066] That is, from immediately after compression initiation, cylinder internal pressure is detected with a certain sampling period 
(deltaT), the temperature according to this pressure is computed, the map of drawing 17 is searched from these pressures and 
temperature, and it asks for 1/tau. And BP=integral l-/taudt and the time of sigma [(1/tau) xdeltaT] reaching ignition level (value with 
**1) in fact can be judged to be an ignition stage. 

[0067] Drawing 18 indicates heat release to be BP=integrall/taudt in each crank angle. By B to which whenever [ cylinder internal 
temperature ] fell, the value of BP is low to the usual fuel injection timing IT of A. Therefore, if fuel injection is performed by the IT 
usual in this condition, an ignition stage will carry out a lag and combustion will become unstable. 

[0068] On the other hand, when it judges whether predetermined judgment level is reached in a certain judgment stage before fuel 
injection timing in the value of BP and judgment level is not reached, the case where the tooth lead angle of the fuel injection timing 
IT in a compression stroke is carried out is shown in C. Whenever [ cylinder internal temperature ] can fall, and in consideration of the 
part to which the reaction time to ignition became long, when only the amount beta of amendments carries out the tooth lead angle of 
the fuel injection timing IT, it can control to carry out compression ignition combustion at a target stage. 

[0069] Next, the control flow of the 3rd operation gestalt is explained with reference to the flow chart of drawing 19 . The rough flow 
of control is the same as that of drawing 9 which is the flow chart of the 1st operation gestalt. Different points from the 1 st operation 
gestalt are a tooth lead angle, maintenance, and a point that carries out a lag about fuel injection timing in a compression stroke by 
calculation and the decision result of the ignition characteristic BP for the ignition stage prediction not more than S35. 
[0070] A cylinder internal pressure sensor detects the cylinder internal pressure P by S35. T is computed whenever [ cylinder internal 
temperature ] from the cylinder internal pressure P so that it may mention later by S36. Subsequently, a map like drawing 17 is 
searched with S37, for example from whenever [ cylinder internal pressure P and cylinder internal temperature / T ], and it asks for 
inverse number I / tau of the ignition-delay time amount tau. Ignition characteristic BP=integraIl-/taudt is computed by S38. It judges 
whether it is the decision stage of an ignition characteristic by S39, and if it still is not a decision stage, it will return to S35 and the 
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addition of the ignition characteristic BP will be continued. 

[0071] If it is a decision stage, the fuel injection timing IT of a setup will be called in by S40. The gap with the value and desired value 
gamma of ignition characteristic BP=integrall-/taudt is judged by S41 . When BP is smaller than a lower limit (gamma-0.01), it 
predicts that an ignition stage is overdue and the tooth lead angle of the fuel injection timing is carried out by S42. 
[0072] When BP is larger than a upper limit (gamma+0.01), it predicts that an ignition stage carries out a tooth lead angle, and the lag 
of the fuel injection timing is carried out by S43. If a gap of the value of BP is in [ from desired value gamma ] a limit (gamma-0.01 
<= BP<=gamma +0.01), a setting change of fuel injection timing will not be made. And fuel injection in a compression stroke is 
performed by S44. 

[0073] How to compute T whenever [ cylinder internal temperature ] from the cylinder internal pressure P in S36 here is explained. 
This calculation approach is an approach called combustion analysis, and computes whenever [ cylinder internal temperature ] by 
solving the alliance differential equation of the following three equations. 
[0074] 
[Equation 1] 

The 1st principle of thermodynamics dQ=dU+dW -- (1) 
Equation of state PV=mRT - (2) 
Internal energy type dU=d (m-Cv-T) — (3) 

here — Q: injection heating value, U: internal energy, W:work, Pxylinder internal pressure, and V: — it is Cv:specific heat at constant 
volume whenever [ volume, number of m:mols R:gas constant, and Txylinder internal temperature ]. 

[0075] By solving the above three formulas, the polytropic index for every crank angle can be found, and whenever [ cylinder internal 
temperature ] can be predicted with a sufficient precision. It is called combustion analysis, this solution method is well-known for this 
contractor, and since it also requires paper width, it is omitted for details. 

[0076] Moreover, although it can also ask for T based on polytropic change whenever [ cylinder internal temperature ], since the 
inhalation-of-air temperature sensor for acquiring the initial temperature TO was needed and fixed polytropic-index n is always 
assumed among a cycle, precision falls a little. Below, the temperature formula by polytropic change is shown. 
[0077] 
[Equation 2] 

T=T0x(V0/V) A (n-1) -- (4) 

Here, they are V: volume, the initial temperature of TO:, the initial volume of V0:, and n:polytropic index whenever [ Txylinder 
internal temperature ]. 

[0078] Next, the 4th operation gestalt is explained. The configuration of the 4th operation gestalt is the same as drawing 1 which 
shows the configuration of the 1 st operation gestalt. The 4th operation gestalt is characterized by changing the amount of amendments 
of the fuel injection timing near a compression top dead center when a reaction stage changes beforehand according to a target 
combustion stage. For this reason, in this operation gestalt, the interior of the fuel-injection control section 6 is equipped with the map 
of the target combustion stage BTA according to a service condition as shown in drawing 20 , and the amount of amendments beta 
map of fuel injection timing according to a combustion stage as shown in drawing 21 . 

[0079] As mentioned above, the robustness of the combustion to the cycle variation of whenever [ cylinder internal temperature ] 
changes with combustion stages. The robustness of combustion falls, so that a combustion stage carries out a lag from a compression 
top dead center. Therefore, when a combustion stage carries out a lag, the amount of amendments of the fuel injection timing near a 
compression top dead center when a reaction stage changes beforehand is enlarged. Consequently, it cannot be based at a combustion 
stage but the robustness of combustion can be improved. 

[0080] Next, the control flow of the 4th operation gestalt is explained with reference to the flow chart of drawing 22 . The rough flow 
of control is the same as that of drawing 9 which is the flow chart of the 1 st operation gestalt. 

[0081] Only a different place from the 1st operation gestalt is explained. The target combustion stage BTA is called in from a map like 
drawing 20 by S59. If the reaction stage CT is beforehand judged by S60 and the reaction stage has carried out the tooth lead angle 
beforehand (CT<CTA -alpha), the amount beta of amendments will be calculated from the target combustion stage BTA by S61, and 
only the amount beta of amendments will carry out the lag of the 2nd fuel injection timing IT 2 by S62. If the reaction stage has 
carried out the lag beforehand (CT>CTA+alpha), the amount beta of amendments will be calculated from the target combustion stage 
BTA by S63, and only the amount beta of amendments will carry out the tooth lead angle of the 2nd fuel injection timing IT 2 by S64. 
In CTA-alpha<=CT<=CTA+alpha, adjustment of the 2nd fuel injection timing is not performed, but it moves to it S65. And it carries 
out at the stage which amended the 2nd fuel injection by S65. 

[Translation done.] 



http : //www4 . ipdl .inpit . go . j p/cgi -bin/tran_web_cgi_ej j e 8/29/2007 



JP,2001-207889,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the 1st operation gestalt of the combustion control system of the internal combustion engine 
concerning this invention. 

[Drawing 2] It is drawing explaining the combustion pattern to a service condition. 
[Drawing 3] It is drawing explaining the self-ignition formation range. 

[Drawing 4] It is drawing explaining the compressed self-ignition combustion operating range of the conventional technique. 
[Drawing 5] It is drawing explaining the combustion wave form over a combustion stage. 

[Drawing 6] It is drawing explaining the maximum [dP/dthetamax] and thermal efficiency of the cylinder internal pressure R/C over a 
combustion stage. 

[Drawing 7] It is drawing explaining the robustness of the combustion to a combustion stage. 
[Drawin g 8] It is drawing explaining the combustion stability of the 1st operation gestalt. 
[Drawing 9] It is the control flow chart Fig. of the 1st operation gestalt. 
[Drawing 10] It is the 2nd fuel-injection-timing (IT2) map to an engine speed and a load. 
[Drawing 1 1] an engine speed and a load are received ~ ****** ~ it is a reaction stage (CTA) map. 

[Drawing 12] ft is drawing explaining the compressed self-ignition combustion operating range of the 1 st operation gestalt. 

[Drawing 13] It is the block diagram of the 2nd operation gestalt. 

[Drawin g 14] It is drawing explaining the valve timing of the 2nd operation gestalt. 

[Drawing 15] It is drawing explaining the heat release of the 2nd operation gestalt. 

[Drawing 16] It is drawing explaining the heat release of the 3rd operation gestalt. 

[Drawing 17] It is drawing explaining 1/of inverse numbers tau of the ignition-delay time amount tau over temperature and a pressure. 
[Drawing 18] It is drawing explaining the combustion stability of the 3rd operation gestalt. 
[Drawing 19] It is the control flow chart Fig. of the 3rd operation gestalt. 

[Drawing 20] It is drawing explaining the target combustion stage to an engine speed and a load. 

[Drawing 21] It is drawing explaining the amount beta of amendments of the fuel injection timing (IT) to a target combustion stage. 
[Drawing 22] It is the control flow chart Fig. of the 4th operation gestalt. 
[Description of Notations] 

1 ECU 

2 Combustion Pattern Judging Section 

3 Jump-Spark-Ignition Combustion Control Section 

4 Self-ignition Combustion Control Section 

5 It is Reaction Detecting Element Beforehand. 

6 Fuel-Injection Control Section 

10 Engine 

1 1 Suction Port 

12 Exhaust Air Port 

13 Piston 

14 Intake Valve 

15 Exhaust Air Bulb 

16 Fuel Injection Equipment 

17 Ignition Plug 

18 Cylinder Internal Pressure Sensor 

19 Crank Angle Sensor 

20 Adjustable Valve Timing Device 



[Translation done.] 
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fiSrffi^, llM*/i^c:2 0lc#ttT^«J&&fr 
v\ ilSBo«B|Bfitlt«:mCttninm>t>l=fT9 J:9KL 

[0 0 2 2] »#«5e*<D#3BWlzJ:Jxtf, if*^3 

v * a •* i= tt 2 0 s oftftttatifttt iEfi#ii£ -t- 5 

9 1 bit^LTV^Sm-&(c:l4 2[EIS(7?^!|6^P^lt^F«Sr«IE 
[0 0 2 3] »**6|E*0*»Wt=ilxli, »#*5 
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-t-affiiEfiSr^^ <i"5 J: pJrb^cOT?, BflMftftftlftJH 
[00 2 4] 

10 i&0>mmzi^xwni-z. wnm&wimzftmm 

[0025] *H16^flg^*5V-c»4, mfc&ftizfctx 

mss a a«*8$& t xn&xmm. t *®&-°im t4ot 

V*3. $e>^ffiiffiia3SF^C*»«l«Ft:*5^ri4. Jftft*2 
fc^SJCWJIB^JC CT 2 m B W^«ltB#^&«jE-r 5 

[00 2 6] i^<Dxyi?y*ft: 1 o 14, K^5tf— h i 
l , Wfa.*— hi 2, t^hyn, KSU^u:/ i 4 s 

[0 0 2 7] '©xy-Jy^i OSrWtSSfW 

ttffjgias 3 1 . mugs a^A^&iiteBt w^fsy^^ 

[0 0 2 8] «, E C U 1 co«figS^I4, m&'<9s 
4 . ^SJC^mSB 5 , ^^PSW$iJffllg|5 6 (4/n- k t? 

[0 0 2 9] JfcECU 1 (4, ^7>-^^-fe>"^ 1 9^5 
(El^-fr-f) *««UlLfcT^-fe/i'BB««# (JUST) irS 

1 6, ,^A^7^1 7(r{f^-Sri^^, 0 

[0 0 3 0] :<Oi34Mfflti, *«WCI4, 1212 



7 

[00 3 U *nmi&i&cD®mzi\,^xt!iwr 
5, 121311. &ffi&.\zzt-rz>$^m-Mmi8.tfi$.tL-rz>m 

LTSSfHt, £fcl4^<rcp«Sllig£& 

PglMSS t h t^S^tfcAF L^y-^PSI^t/iSo 
[0 0 3 2) QfattZl) yf-\Z LT^< t, / -y 

hJr*5Jt5^tt:AFR^y y^Pg^ir^S, ^o-C, 
3r5£«Pg# A F L <t / y * ^ymft&mit A F R T'H* 

ga«*ttPg^ftfc^Jt©iaTL75>/£:£L& 

^SJtA/F^tRJtClftBJLfCo ^9^^foSVM4EGR^/ 

[00 3 3] iSo-C. ia4Kt£#affilC:fcl43ffif?iga 
ir*3^TI4, ffiiffiaa«;km&5ISBSSIll4£frJ6T^ 
[00 3 4] El 5 K^&B^£f£lfc$^fc^<Dffirt^ 

[oo3 5] m6izm&&im*mt£itit.m'£<r>y~7>' 
?-&%tz'QCDftiftmt)$zitm<om*:m tdp/dj] ma 

[0036] ztui, m®m<D&Tiz±<omm»$:tfm 
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[0 0 3 71 AtaiLfcJ; 5lr, fSJ(*3<0*&ai4?B©EG R 

Sr^LTV^o 87 (a) K^-T <fc 5 (c, *»«6^p«8* 5 ffi 
ft ±*E,ftttifi ir 5 ©-a- |c lifgj rt fig ir i>--f 9 y *J 

[0 0 3 8] rtUCttLT, 0 7 (b) »w*-r±9l^ 

10 5 e inii^fflS:I«t5t^t^Htt5li 
4:5* LTV -f-/«C*p*>, *R««f»l«r»fti-5fcftJC 
14, 185rt?aa^roi^^^^<7^#^Mi-5o/<^ h& 

[oo39] mi <omMnm-?&m&tt 2 sfc»»tr* 

i/^^^^l-^W^PSlhUTV^,, 1 HI g W«W (ft 
20 ff> *M*<fttt*£ fc (i^S^SH'SM^ «r *y»W fi C t K «t o 

x s mMKuntmmLx^z. 
[0040] #y y ^(Dfam^&aMVc&fcxhz it 

ttM&mmLx. *<ommzi&zx 2\B\B<Dj&wmftm 

30 ht4Sr|6]±T*^5o 

[004 1] El 8 14, *%if^«Bfrtt<t 5^*4*1**1 

40 [0042] \,*-rtia>m&-ebiwmz*MistiitiKm 
mt 3M^RitMMt*it&-fzz.t\zi:ox. ^mm 

«^if^LT^ti-l4m2lH]^*4B»^B#^^jg^L. ^. 
5®B«l«F»i*sa^ LTV >*ttf 2 EI e W«S!|SfReSt^»JSrji 
50 ft1-«J:9K:. jHM4*tlt«liPtt6^IHflii-«. rnicJ; 
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[00431 w, mnm^mmu6<ommt l-c, 2(si 

g cO^!)SfPtMB#$<Qit£ li^^LT 2 [5] g <D»*ittfi<£> 

g ^^"tati^g £ff o -t t g mm *> <omimm \z 

[004 4] 09W7d — ^"-y — h Sr#fl8 LT$ 

^<tffiifilie*A^(w^-r-5o jees?§£ b#*«S86*> 

U wWfS^rtEE^w^t;lc»•^v^-CllE]g^c:'>ftW^i^fc 
«moT-R«?i*»l«:*IIWfi-S. * LTBrftuWMKJt^T 
^Rj£l*J(!#i§AL-CV\fttf, 2@groPtM^Sria^ 

[0 0 4 5] El9{r*J^T, if^y^l 0 {«T. 

tB U SI 1 "C^> i^^Hlc*. &ffi&nm 

[004 6] jSR^flg^^^cB^i^JHf LfcS-a-K 
US 1 3 I;:**. ^AjAc««<oiW»SrH*M-5. SB 

m^mmt^rnvtzm^izi^^ s 1 4-^ii^ffi^se* 

**8*fcrof&l#p&M#rrs. #c^-C\ S l 5 -effi«8±5Ejft 
S 1 6XlSSSfHS.tl±^ (WKDn&l 8) -CfSirtJE^ 

Sr^tu-rs,, s i 7-?^Rf£*m»5tfMifrtffi*iw^5 

l^T'S 1 8-CEll 2 @ g ^BWtWBf $ 

I T 2 Sr^tfi&tPo 

I o o 4 7 ] &v >-e s 1 9 x^&mmm<Dg-m&*¥m 

i"#fc>*p, Eli llOTti^i^j/ysr^Lt 
»P>*i3@«^K£B#»ICTAi:, jnasnt^BSP* 

»CTi:Srtfc|SjbT. CT^CTAtC*fbTilALT^ 
[0 0 4 8] 0iJ;tl4\ ^RiSB»JHCT*JB«^SJe:B*J« 

CTA-a («*.tfo=l) «fc«J fc/hSVMfrfrKttt ^ 
5/£B#J8riSii:8 S2 0--#il£U 2 Eh] g 

eJMWMttMi I T 2 Sr I T 2 + 0 
[0 0 4 9] ^S/i;B#^CT75Sg«^S^^CTA + 
a (0iJ;ll4a = l) ±5 <>;*:# v**£U:tt» ^Kj£b##] 
Lt^5»-C, S2 1--MU 2 IeJ g roB^Bft 
ttB##l IT25rIT2 — /3 <tii^ LTV^S. CTA-a 
gCT^CTA+aWi^Cli^ 2 0 g"SWB#»WsSS 
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iiff^fs2 2^5 ( tit, s 2 2x-2ms<Dmn 
[0050] in i o (4, v it^mna&Rt&imz. ± •& 

'>*<*0»^cfflJii:*5«3-e» <*ttB#»£it:f$LT^ 

5. 

10 [0 0 5 1 ] Ell 1 14. llfR^WCTAWT^/ 

[0 0 5 2] El 12 14, 3E4E*#U:J:2;ftg;Kft$ttg>EE 
i^iB*A^^Bt^5l5roJEi^ge«A^$5iaSr^ 

20 tt^So 

[0 0 5 3] *&W<Dm2<DmMMffi\^\,*x s JL 

m-rz> 0 eu 3<4, ^m^m^^mm<ommMmm 

lro^2©HWi«)isKS:^t'>^fAti^Bltfe 
5, m2C0HJ£^fli<7?«fig(4. El 1 Lfclg 1 (DHJS 

t\ ©^*i 4st>'«m#i sw^uy^^sy^ 

JE-r^pI^/^u^^-f 5 ^?m.ffi2 O^ig^DLTV^i 
[0 0 5 4] ^2<7>H1(I^»4 < "I^T'^'f 

<0 &z.»imX'h V . IBSS (O l IhI g 

"Sit SrSmtTei 3 ^KWSt/^^T' 1^ M CT ^ -5 ft 

5 d t zftm t -r 5. 

[0 0 5 5] El 1 4 (a) tt^tE^A^^cO-'^^y * 
^5^SV/^y7h ( El 14 (b) liBEifiiB* 
^c«S*B*<0*B*WWt''</i'^ft#, El 14 (c) ttlEi^g 

40 [0 0 5 6] ffiSlg B#^cjl8«tB*»cH:, #ft«Sii«f X 

m^ftm±K&£<9W-\^MK9m&&mcx\,^z>. * 
,uzftf#\zmzx\,*z>®mmm\z?f\,\ 2ms<Dmnm 

[0 0 5 7] »ft#*s±JE*J:9 fe*v^JDH=HCSfc 
50 ffi»KJ:9 3!»cJl5a^*5. :©i3 4*iJSEo*i 
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5. 

[ 0 0 5 8 J H 1 5 fc» 1 mjgttOHIMB&ttJHA (H 

[0 0 5 9] *£oT. 7SJC«>tlkttlKPn3»»e>2BIB«>jtt 

[0060] it, lEBI=i»«t$nfc«fSto*afcKbT 
100 6 1 ] *3 093ftl|0BttKott-CKni-&. 

[0 0 6 2] 353Hi£7£f&-efi, *mfr-*fc:i»*M--5 

1 (Hi L-O^fctf), nftft^JxSB^wSlttHiSgT-fe 

[00 6 3] BB 1 6 Kg 1 J&tti^lSro$R«8£B#JBA (H 
*&&**) &]R3 3mDCMi«»«Ml^l«)IIB t 
<OH:«5!Sr^-r„ S3^S6^flg-C-l±. ffi»J:5Ej{!t#aa-ej||S 

<fc5„ 

[0 0 6 4] Ell 7li, ^»»w*3Jt4fa«. JE^K** 

*V LTV ^5. 

[0 0 6 5] SfcHl 7fl£tt, ffiffitTa*»=J3»t5a 
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fflSJw^oX. l/t«r«SLtJ 1/tdt (=B 
P> WT^A^mti"?^) Sr#Jt>Sr £K£9jtjft£Ji 

[0 0 6 6] BP«,E«8mttetftd>b. fo^^V^U >i/ 
KISS (AT) -CffirtffiflSrttHJU ^OffiAfcJCCfclB. 
*«rl«JU r*l6EAJlt«Ut!j>&Bll 7©-7y^Sr 
1/t Sr**5„ ^Lt, BP=J 1/t d 
10 t, *B»cttZ C (l/t) xat) asiBfjku^/u (*5 

[0 0 6 7] Ell 81*, =S-^7^^^lC*J(t5BP= J 
l/tdtt. *M6£SrS*i-. AWiift«ft»fcfcfB##j 

<4otV^5. tot. I TT?«RW» 

[oo6 8] £*uc#lt\ b p <Di&&mnmttmmsi 

^Sr#lSLT, «MMUMP)RlT«:4iIEA0£itilA-t- 
5f-$!|»-r5r.i:^-e#5o 

[0 0 6 9] Ell 9<7?7d— ^ — h£#R8L 

Wilixli^ 1 Hffif ffi«7 n-f t- KT-fc5El9 i: 

isi«|-efcs 0 gisiite^ffiiS'ts^ii. s3 5tiTw 

30 Jg*^J:9£E«Mfa«f©i«it«*J«SriiA, S^i" 
[0 0 7 0] S 3 "JfSrtJE^P 
1§lrt?a«TS:^ttJ-r5 0 i^V^t 1 , S 3 7X18!^^ PS 

vttrtaflCT*»e>, fljtiisi 7w^<c-vs/^sr^L 

T%Ximil#fffl t roiS»®c 1 / i Sr^«)S 0 S 3 8 
iStfcB P=J 1/rd t SrlKUJi-S. S 3 9 T-«^Jt!Sc 

S 3 5»=S?o-C»^c«l*BP©«3|E«rtt»tS. 

40 [0071] ^JBf^xfcntf . s 4 o -eig;^<oj^i|sfBS 

i t £:D?tfi&tro s 4 i x*m-xmwB p=n/ 

TPStt (v-0. 0 1) ±9/JnS^»&K«:, «^AcB#»J 

fc^H U S42 T-^PtSt^SriS^i-Sc 
[0 0 7 2] BP*±Pgffl (y + 0. 01) 

»^»c:i4, &km$Mmft-rzb^m u S43 x-mn 

Sf*3 (v-0. Ol^BPgy + O. 01) XhiXtt, 

50 w<7m*<D&mm$t*'i7 
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10 0 7 31 ZZX\ S 3 6lc:*3»t51SjrtJ£^P*^18S 
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[00 7 4] 
[%1] 



d Q= dU + dW 
P V=mRT 
dU=d (m 
W : ft*. 



10 



20 



Clf, Q : SA^S, U : rtSfc****, 
P : 1S&rtJE27, V : m : ^r/MBu R 

T : tSrtfi*, C v : Jfc*it*n**>3. 
[0 0 7 5] W-hcO 3 5t3r#K r 

T = T0 X (VO/V) " (n- 1 ) 
T : V : TO : v 

0 rflD^SU n : # D ha-ZM^S. 
[0 0 7 8] <*!::, ^4^Jte^ffi(ro^rsaig-r-5 0 

u:, ei 2 oi^-t-j; 9^jiS5^i^c^a«^^ 

[0 0 7 9] (HigLfcJ; i\Z y nftffi.m<D-y-J ? /i-;<y 

-rs„ fa&&fmtfizm±.fz&A>bmft-tz>m.. mmw 

[0 0 80] 02 2©7o-ft- KSr^IL 

[o o 8 i ] mimi&Mmkmtez>m<nz.tfiw-rz 0 s 

5 9-C@^«fe^BTASr0ll^tf|2]2 OCD^Ti-^s/T' 
^b^ltfiiiro S 6 0T-^HJ$B#$CT£r¥iJ#rU 
/^B#^/J5iSA LT^HIJ (CT<CTA-a) , S61 
"CffilEfi^SrS^^^BTA^b**, S6 2f2 
mS^ntW^ I T 2 £*IIE»0 fcltS^-TSo 
/£B#J8/45ig£i LTV^ixli (CT>CTA+o) , S6 3 
TMfjES/3 SrBS«S«SW«8BTA*»e>*i6, S6 4t?2 
T2^«iE*^^(tii^i-5„ CT 
A-a^CT^CTA4o<Dl^l:ii, 2 13 g DflN'BtJS] 
(^SSSUfffr-f S 6 5~^5o -t L"C, S65t?2@B 



30 



40 



- (1) 

- (2) 
C v • T) — (3) 

[0 0 7 6] 4fc«rtJft«TSrJKy h n 
\^Xi&ihZ>Zb b-CtSjJS, #}»i?a*T 0 &*#£fc«><D 

[00 7 7] 
[&2] 

... (4 ) 

[0ffiwflii£ftlft9!] 

[0 2] a(E*#^Jt-f<&«S«^<#-^SrttW-*-5B|-C 

[03] aa#*fifcattn*iMi-r5Bi-<**>5. 

[H4] ^3feaWwfiEI«ia«F^c*»«feilteteHSrIjiW-t- 
£0-T?&>S„ 

[0 5] *8*l*J!)»=»-r5*R««?gSrIftWi-SBa-e«> 

So 

[0 6] «*B«Wfc#+*«rtffiA±#*<B**tt Cd 
P/d 9 max) Sy»*5:^t50tfc5, 

[07] m$mmz-*ii-tz>j&m<Du,<x. v^-Am-t^, 

0T-£>S o 

[0 8] *lHlfi»ffll©«R«63c«tttlftW^-5HT?*> 

So 

[09] m\nmw*ffiL<num7a—?-\-hmxibz> 0 

[0io] xyv ; y0teM^|ficS!j-t5 2[5iiro«S 

swastikas dT2) -vi/^T-fcSo 
[01 1] ^v^v0$B^^#(c^-rsB^sj^ 

B#8I (CTA) -^y^-e*)*. 

[012] »iii«^tn<osjmiB*^tt»gffiiifr 

[013] ^2*lfe^jJ8<O*J5g0-Cfc5. 

[014] «2**Jg«l«J^i'y^-f SV^SrttW-fS 

[015] aS2*«0gl«W}IM6^SrRW*-5H-e*»5. 
[016] *3HlS»MI©«l3B^Sr|ftW-*-SHT»*>«. 

[017] E.*}iztt-rz%'Xmtimmt<Dm&.i 
[018] *3HKs««ii©ji)(s*sxEtt*ttw-t-*iat?*> 

So 

[019] »3H«S»««>«I»7B— 9- + - hH-e* 

So 

[0 2 0] ly v^y@tef a^*f l:Mt5 IIW 
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[022] m 4 mmi&ffiHDftmy ug-cfc 
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3 




So 
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5 




1 ECU 
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3 ^^jft^cKKIHfPtt 
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4 g £»*#&SgSll»«B 
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5 ^RJSfcffiffl 
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[07] 



(b) SAU*:«S«Hftm 



ft 
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TDC 



TDC 



8fl 



1 1] 




[017] 



[Ell 2] 




[02 0] 
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[09] 



c 



START 



3 









x>-»laHES, 





-v$10 



X 



S13 



-VS11 



$12 




i 



^jg£R#»ICT»ii5 



-VS14 



-VS16 



CT < CTA - a 



S20 



2Hi«8«l«Wft»HT2 




CT> CTA + a 



IT2 = IT2 + 0 



CTA- a 
^CT^ 
CTA+a 



i 



S21 



IT2 = IT2 - 3 



2@iftS*W!&f 



c 



I 



^ S22 



END 
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(a) 




TDC 



6 DC 



TDC 



TDC 



( b ) WWW 



( C ) Stt§£*A«ffiB» 



TDC 



2PQB 

_n_ 
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TDC 



BDC 



TDC 
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[Ell 5] 



2mm 
_fl_ 



- A*1ftJ5$« 
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TDC 



[Bl l 6] 




TDC 
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[01 9] 



^ START ) 
I — 



7^t/m«OT» * 7>^ftfg^as S30 



I 



:>^>@ca, affiwas S31 



S32 




S33 



-VS34 



I 



^S35 



1 



^S36 



p. t^ wxmnmmmm / x turn 
I 



^S37 




^S38 



mwmmmmmzt&* \^ S4Q 



Pilo BP < t-0.01 , 

S42 > | <^jtek&fit 



IT = IT - 0 
1 




bp> r+o.oi 



J £ 



S43 



it = it + e 



^ S44 



C 



END 



( 17 ) 



VfM 2001-207889 



12 2] 



C~ START J 



^$50 
^S51 



S52 




S53 



I 



1|H]@««#4l«*f 

i 



-VS55 



I 



^S56 



^S57 



2a B<8s»mHi$iBiT2By ^a» 



-vS58 



a«a»*mjfflBTA«*tf;&* 



S61 



1 



BTA0*S«jE«/3*itJ 



S62 



IT2 = IT2 + 0 



CTA- a 
CTA+0 



3 L 



BTA^e>«iE«j8|fW 



1 



S64 



2@g«ttfc*t&»!iift 

IT2 = IT2 - /3 



2EI*K*MlilH 



C 



3 



END 
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(si) int. ci. 7 aguiE^ 

F0 2D 41/14 3 3 0 

41/34 

41/38 
41/40 



45/00 



3 6 8 



(72) * 

#^inm«^m#^JHE^iHr 2 sits 0 i 



F I 

F0 2D 41/14 

41/34 

41/38 
41/40 

45/00 



7~"-K (#%) 



3 3 OA 
3 3 0 B 
H 
L 
B 
D 
F 

3 6 8 S 



F* — A(#%) 3G084 AA04 BA15 BA16 BA23 DA02 
DA04 DA10 FA10 FA21 FA33 
FA38 

3G092 AA01 AA02 AA06 AA11 BA08 
BB01 BB06 BB13 DA01 DA02 
DA12 EA01 EA02 EA03 EA04 
EA11 EA13 FA06 FA15 FA18 
FA24 HA13X HB01X HB02X 
HC01Z HC09Z HE01Z HE03Z 
HF08Z 

3G301 HA01 HA03 HA04 HA19 KA08 
KA09 MA11 MA19 MA26 NA09 
NC02 ND03 NE11 NE12 PB05A 
PC01Z PE01Z PF03Z 



